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Tidal Current Power - Status Quo at Voith
Siemens Hydro Power Generation with focus on
„Seaturtle Project Korea
Norman Perner, Benjamin Holstein
Particularly in the last few months public interest in tidal current power has
increased strongly through media reports. A brief look at the subject might give
the idea of simply adapting a wind power plant to the requirements of a tidal
current Looking closer it becomes obvious that harvesting tidal current energy is
an ambitious task where "Terra incognita" is entered.
1 Introduction
The yet untapped energy resource of tidal currents is a fascinating engineering
challenge due to the hostile marine environment. Up to now only a few grid
connected test power plants are in operation, but so far there is no proven
concept for large scale tidal energy production in the market. Voith Siemens
Hydro Power Generation intents to become a leader in this market segment by
developing a reliable and robust design of a turbine and a low cost retrieval
procedure.
In the early stage of such a development robustness and reliability are the most
important criteria for a possible customer to mvest in such a new technology,
The perceived technical risk drives their expectations on returns. As a matter of
fact the harsh marine environment is likely to be the main challenge for power
plants which are operating fully submerged under the sea water level. Lessons
learned from offshore wind farms have shown that periods of inaccessibility of
several weeks are likely to occur. Besides, all marine operation such as
installation, maintenance and decommissioning are costly - especially
nowadays, where the young Ocean Energy industry has to compete on scarce
marine equipment with the oil and gas industry which is well known for its
deep pockets.
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For tidal current power maintenance costs presumably exceed those of wind
power considerably as the turbines are placed under sea level. With the clear
target in mind to maximize technical reliability and hereby electricity
production costs Voith Siemens Hydro has analyzed and weighted a plenitude
of different technical solutions for drive train concepts and support structures
in a very systematic way. This approach resulted in a minimum maintenance
drive-train concept which is revolutionary in the industry and does not
differentiate itself by technical features it displays, but rather by those it omits:
An oil-free system without gearbox, without dynamic seals, without pitch
system, without yaw mechanism and without peripherals such as bilge pumps
or hydraulics.
The paper describes the rigorous process starting with the full morphology and
later on narrowing it down to the target concept while seeking the minimal
technical risk and the maximum environmental friendliness and thus
maximizing the benefit for a potential customer.
2 The Voith Siemens concept - the way to simplicity
2.1 Introduction
The procedure to identify the final Voith Siemens Hydro turbine concept is split
into 4 steps.
1. The solution space (morphology) as a whole has been spanned by
breaking the tidal turbine concept down into 10 subject areas (cf. Figure
1) and collecting all possible options (components) attributable to one of
these areas. Hereby desk and pre-studies of existing tidal cun·ent power
plant concepts, expert discussions and conferences; internal
development, brainstorming workshops and of course the more than 100
year hydropower engineering experience within Voith Siemens Hydro
have been taken into account.
2. Clearly disadvantageous components within one subject area have been
eliminated from the morphology.
3. Reasonable paths through the morphology have been bundled to sensible
turbine concepts.
4. These final concepts have been evaluated according to their economical
aspects, technical and environmental risks. The outcome of this last step
has resulted in our target concept.
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The morphology itself is structured into 10 technical subject areas shown below
(Figilre I):
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Figure 1 The 10 technical subject areas of the tidal power plant morphology
2.2 Discussion ofthe 10 subject areas of a tidal power plant morphology
2.2.1 Free flow versus concentrator turbine
As a matter of principle two solutions for energy capture of the rotor are
possible: A free flow turbine or a turbine with a concentrator (shrouded system).
Making use of a concentrator causes a reduction of wave- and boundary layer
effects as well as a reduction of the rotor load dynamics. In contrast high capital
expenditure for the shroud, no yield increase (The power factor defined by Betz
iS still valid, referring to outlet section area of the shroud), uncertain
maintenance and servicing costs (possibly caused by bio fouling) are drawbacks.
A shrouded turbine shows some advantage if the tidal stream shows major angle
deviation from the rotor axis. But typically variations of tidal streams at near
shore are small and this benefit is negligible. Beyond, the huge concentrator
serves as gravity base resulting in an installation close to the seabed with a
significantly lower current speed compared to that higher up. For those
mentioned reasons Voith Siemens Hydro favours a free flow turbine compared
to a turbine with concentrator.
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2.2.2 Rotor concept
In the process of evaluating the tidal power plant morphology horizontal- and
vertical-axis rotors were investigated. The chart below shows a comparison
between different systems and their power coefficient (Cp,max)
estimate
IHS/\/SH
Savonius-
Rotor
Wells turbine
Figure 2 Comparison power coefficient (Cp,*0
„drag-rotor
The horizontal-axis rotor shows an advantageous force transmission into the
support structure (tipping moment of the rotor) compared to the vertical-axis
rotor, yields a higher power coefficient (see above) and requires less material
regarding the swept rotor area. The vertical-axis rotor is independent from non
directional flow. However, at typical tidal cun·ent sites only 2% of annual power
output is lost if the rotor does not follow the angle deviation of the stream. For
these reasons Voith Siemens Hydro has chosen a horizontal-axis rotor solution
(the 2% losses due to mal-orientation of the rotor could be addressed with
current tracing, if required).
2.2.3 Current tracing
Different approaches to follow the directional flow of a tidal stream, such as
pitch mechanisms, yaw systems or symmetrical blades (to avoid a yaw system)
were investigated. Using a blade pitch mechanism or symmetrical blades would
simplify the support structure since no moving parts are involved (no yaw).
Pitching blades, however, results in a complex mechanism implying an
additional failure risk. A 180° yaw of the entire turbine is a robust mechanism
with simple joints. Introducing a 360° yaw to completely follow the direction of
the tidal stream leads to a more complex and costly system. Voith Siemens
-0,38
-0,15
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Hydro decided to use a symmetrical, bidirectional blade design to follow its
development path towards a simple and reliable turbine concept.
2.2.4 Speed characteristics (fixed/variable)
Basically two different concepts are applicable for a tidal turbine power plant
with variable or fixed speed of the rotor. Variable speed leads to maximal annual
power output of the rotor since the tip speed ratio is operated at its optimum.
Variable speed is not site specific but needs a converter or a variable speed
gearbox (see paragraph 2.2.6). Moreover, a doubly fed induction generator
directly coupled to the grid is imaginable. This is a cost-effective solution since
the converter is small as it is dimensioned for the rotor power output.
Unfortunately, the built-in slip ring system is not acceptable due to high
maintenance effort. Running the rotor at a fixed speed implies the generator is
fixed to the grid and the rotor itself may possibly need a pitch system. Voith
Siemens Hydro follows the variable speed philosophy with a permanently
excited synchronous generator.
2.2.5 Sealing system
Different commercially available tangent sealing systems were studied. Their
main draw back is the need for water treatment due to sediments in sea water to
minimize wear. No seal is absolutely free of leakage and lubricant loss can be in
the order of 300 ml/day which is considered ecologically unsustainable
particularly in view of large scale tidal power farms. Moreover, the lost oil has
to be replaced in a system which is ideally fully submerged. A maximum of
technically complex and failure resistant peripherals for tangent sealing systems
is needed such as bilge pumps. Non tangent sea.ling systems show reduced
peripherals but are a new technology with poor references, ecologically
unsustainable and presumably also require a bilge pump. Facing these
difficulties Voith Siemens Hydro decided not to use rotating sealing systems to
avoid peripheries leading to a passive system with no residues. This means
instead of sealing against water entry, water is allowed to enter the nacelle. The
only drawback could possibly be a water filtration system which is yet to
determined.
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2.2.6 Drive train incl. generator
The following different drive train arrangements have been investigated:
direct drive generator
generator with gearbox
hydrodynamic coupling
WinDrive
hydraulic circuit
Figure 3 Comparison drive train concepts
The hydraulic circuit is not acceptable due to pipe losses (friction) and
pump/motor losses (ca. 30%). T'he WinDrive is a hydrodynamic variable speed
gearbox developed by Voith Turbo to optimize wind energy drive trains. This
technologically attractive component provides a constant output speed while
using the variable input speeds provided by wind rotors and thus allows a
generator to be driven synchronously with the grid frequency and allows perfect
quality of electricity fed into the grid. For under-water applications, however,
this new technology was removed from the morphology due to its technological
complexity which might involve some maintenance intensity. The WinDrive
concept can be regarded as an evolution of the hydrodynamic coupling concept.
The remaining three concepts were further detailed before decision making took
place (see conclusion).
2.2.7 Rotor bearing and lubrication
Utilizing known lubrication techniques using grease or oil may result in
ecological problems if leakage occurs due to scaling problems. A lubricant-
water emulsion shows comparatively smaller sealing problems but can cause
similar ecological problems. Water lubrication needs no sealing and is therefore
preferential.
There is only limited experience for water lubricated roller bearings available in
the market. Such bearings will most likely be affected by contained hard
':>
\
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particles such as sediments or ferric oxide which could possibly occur inside the
power plant.
As known from conventional naval architecture, sleeve bearings, can run wear-
free in seawater and can cope with particles of certain size and quantum. In
some cases a hydrostatic support might be required due to limited rotational
speed. If under such circumstances the hydrostatic or the hydrodynamic
operation regime is left this will result in high friction losses and short durability
of the sleeve bearings due to mixed friction.
2.2.8 Cooling
Active cooling standard components are not suited for sub sea duty and should
advantageously be placed inside the nacelle but still these system peripherals
represent a failure risk. An entirely passive cooling system obviously does not
need any system peripherals and therefore holds a low failure rate but probably
requires adaptation of standard components.
2.2.9 Brake
The minimal complexity is clearly represented by having no brake at all, as the
machine will stop automatically the latest within 6 hours. Voith Siemens Hydro
commits itself to a high safety standard which requires the plant to be shut down
fast enough in case a disabled trawler with lines out might be drifting into the
plant. It is highly recommended to provide an emergency shut down procedure,
as (fatal) accidents should be avoided at all cost and on top such accidents can
ruin the reputation of an ambitious start-up company and will hurt the whole
industry. A passive system being a low maintenance solution and cost-effective
provides only limited controllability of the power unit. An active system shows
an improved controllability with on the other hand an increased technical effort
high number of components at high costs and high-maintenance. Nevertheless,
Voith Siemens Hydro considers to integratetwo independent break systems into
the turbine to maximize safety for both human or animal life and the investment
of our customers.
2.2.10 Conclusion
Voith Siemens Hydro has decided to follow the concept of a directly driven
generator, with no rotational sealing system, variable speed characteristics, no
blade pitch mechanism, no yaw and sea water lubricated sleeve bearings. This
system (cf. Figure 4 for a visual impression) is regarded as the most
advantageous prmciple taking into account its predicted investment costs,
technical and environmental risk and maintenance costs. The concept is
inherently simple and reliable and is likely to cope with the hostile marine
environment in a favourable way.
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It is worthwhile to mention, that this path has been chosen under one clear
precondition: The development of a more complex system with possibly higher
efficiency (e. g. through more elaborated current tracing) should be possible
without forcing us to change the ftindamental conceptual design. Yet this path
permits an evolutionary development towards higher complexity in order to
boost performance when experience in the field is gained. However, we follow
the same proven philosophy as with our development of wave power plants at
our daughter company Wavegen Ltd.:
Take one step of complexity at a time!
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Figure 4 Voith Siemens Hydro tidal power plant (left)
Figure 5 Cross section 0:ight)
3 Installation, retrieval and maintenance concept in Korea
„Seaturtle Project"
The main drivers for an installation, retrieval and maintenance concept are low
costs and the availability of suitable vessels or barges. Considering large arrays
of turbines a specialised vessel must be present while addressing to a single or
small number of turbines a modified deck equipment of a barge is the
appropriate solution. At present Voith Siemens Hydro is considering a lifting
frame mechanism at the far end of a barge which is able to winch up or lower a
nacelle retrieval module (NRM). The retrieval procedure starts of with an
acoustic signal which releases two buoys attached to the gravity foundation of
the turbine. Both buoys float to the surface each pulling a guiding chain behind.
Those two guiding chains are attached to the lifting mechanism and threaded
through the NRM. The NRM slides down the chains monitored by a video
camera (cf. Figure 6). Once the NRM has reached the nacelle of the turbine the
NRM closes hydraulically and the nacelle is winched to the surface (cf. Figure
7). The gravity foundation stays on the seabed, once the nacelle reaches the
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surface the electric cables are disconnected and the nacelle is secured on deck of
the barge. The barge is pulled to a harbour by vessels which are on short call
such as water tractors. Most harbours close to promising tidal sites show little
infrastructure suitable for maintenance work on the turbine. In this case the
barge is equipped with an A-frame which enables a safe handling of the nacelle
on deck. The nacelle is lifted onto a rail system to be disassembled and
maintained and reassembled again (c£ Figure 8 and 9) . The Voith Siemens
Hydro maintenance concept is therefore largely independent from local
infrastructure.
,,
Figure 6 Guiding chains facilitate the retrieval procedure (left)
Figure 7 The NRM closes hydraulically around the nacelle (right)
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Figure 8 The nacelle is lifted upon the barge (left)
Figure 9 The nacelle is being disassembled (right)
4 Outlook on tidaI current activities in 2009
A frst prototype with a rated power of 110 kW will be installed in South Korea
in late 2009. The site is approximately 38 m deep and exhibits a tidal cun·ent
regime representative of the entire site. This prototype with a rotor diameter of
5.5 m will work 13 m above the seabed. A widespread monitoring system on the
turbine and support structure pennits in-depth verification of the mathematical
models used for the simulation of the turbine. Furthermore the installation,
retrieval and maintenance concept can be tested under real conditions. Based on
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a successful long term test of the prototype the next far more powerful full scale
turbine will be build. Up to several hundred turbines are planned to be installed
at this tidal site in tile next decade. Tile site and others close by hold a remark-
able potential to deliver clean energy reliable and predictable.
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